An aerobic, Gram-negative bacterial strain, designated CTN-1 T , capable of degrading chlorothalonil was isolated from a long-term chlorothalonil-contaminated soil in China, and was subjected to a polyphasic taxonomic investigation. Strain CTN-1 T grew at 15-37 6C (optimum 28-30 6C) and at pH 6.0-9.0 (optimum pH 7.0-7.5). The G+C content of the total DNA was 67.1 mol%. Based on 16S rRNA gene sequence analysis, strain CTN-1 T was related most closely to Lysobacter daejeonensis DSM 17634 
The genus Lysobacter, grouped in the family Xanthomonadaceae, is classified in the class Gammaproteobacteria (Christensen & Cook, 1978) based on non-fruiting bodies, lack of flagella, gliding nature and high genomic DNA G+C content (typically ranging between 65.4 and 70.1 mol%) (Aslam et al., 2009) . Species of the genus Lysobacter have been described as ubiquitous inhabitants of soil and water, and are commonly found in diverse geographical and environmental habitats (Romanenko et al., 2008; Yassin et al., 2007) . At the time of writing, the genus Lysobacter comprises 16 recognized species, four described since 2009 (Aslam et al., 2009; Srinivasan et al., 2010; Ten et al., 2009; Wang et al., 2009) . Members of the genus were found to have great potential for the development of biocontrol agents against plant fungal pathogens (Islam et al., 2005; Park et al., 2008) and antibiotic compounds against human pathogens (Ahmed et al., 2003; Hashizume et al., 2004) . However, to the best of our knowledge, members of the genus Lysobacter with the ability to degrade xenobiotics have not been reported.
Chlorothalonil (2,4,5,6-tetrachloroisophthalonitrile), a broad-spectrum chlorinated aromatic fungicide, is the second most widely used agricultural fungicide in the United States, with 5610 6 kg applied annually (Cox, 1997) . Chlorothalonil is highly toxic to fish, birds and aquatic invertebrates (Caux et al., 1996) and is commonly detected in ecosystems (Kazos et al., 2008) . During the isolation of chlorothalonil-degrading micro-organisms, a bacterial strain (designated CTN-1 T ) capable of efficiently degrading chlorothalonil without the presence of other carbon sources was characterized from a long-term chlorothalonil-contaminated soil at the Jiangyin Suli Chemical Co., Ltd The isolation of strain CTN-1 T was carried out by enrichment culture with minimal salt medium (per litre distilled water: 1.0 g NH 4 NO 3 , 1.5 g K 2 HPO 4 , 0.5 g KH 2 PO 4 , 0.2 g MgSO 4 and 1.0 g NaCl, pH 7.0) supplemented with 50 mg chlorothalonil l
21
. Chlorothalonil (99.3 % purity) was purchased from Sigma-Aldrich. The enrichment culture was spread on Luria-Bertani (LB) agar (Difco) containing 100 mg chlorothalonil l
. Colonies with clear transparent zones due to chlorothalonil degradation were selected and purified.
For investigation of morphological and physiological characteristics, strain CTN-1 T was cultivated on LB medium at 30 u C. Cell morphology and motility were examined by light microscopy (Olympus; 61000) and transmission electron microscopy (H-7650; Hitachi) by using cells from an exponentially growing culture. Gramstaining was performed by using the non-staining method described by Buck (1982) . The physiological properties of strain CTN-1 T were determined by using previously described tests for hydrolysis of casein, aesculin, gelatin, starch and urea (Brown, 2007) , hippurate (Kinyon & Harris, 1979) , elastin (Ohman et al., 1980) , guanine and adenine (Wallace et al., 1995) , cellulose (Ten et al., 2004) and Tween 20 (Atlas, 1993) . Catalase activity was determined with 3 % (v/v) H 2 O 2 , and oxidase activity was determined by using 1 % (w/v) tetramethyl-p-phenylenediamine. Enzyme activity and acid production from different carbohydrates were determined by using API ZYM, API 50CH, API 20NE and API ID 32GN kits according to the manufacturer's instructions (bioMérieux). API ZYM strips were read after 5 h of incubation. The assimilation of single carbon substrates was determined by using API ID 32GN and API 20NE strips cultured at 30 u C for 24 h. Growth at 4, 10, 15, 25, 30, 37, 42 and 45 u C and at pH 4.0-10.0 (at intervals of 1.0 pH unit) was assessed after 5 days of incubation on LB agar. Growth on nutrient agar, trypticase soy agar (TSA; Difco), R2A agar (Difco) and LB agar (Difco) was also evaluated at 30 u C. Salt tolerance was tested in LN medium (LB without NaCl) supplemented with 0-5 % (w/v) NaCl after 10 days of incubation. Biodegradation of chlorothalonil was tested according to the method described by Zhang et al. (2007) . All these physiological and biochemical tests were performed together with the reference strain, Lysobacter daejeonensis DSM 17634 T , which was obtained from the Deutsche Sammlung von Mikroorganismen und Zellkulturen (Braunschweig, Germany).
Polar lipid and quinone analyses of strain CTN-1 T were carried out by the Identification Service of the DSMZ as described by Tindall (1990a, b) . The cellular fatty acid profiles of strain CTN-1 T and L. daejeonensis DSM 17634 T were analysed by the China Center of Industrial Culture Collection by using a gas chromatograph, and both of these strains were cultured in R2A agar in flasks on a rotary shaker (shaking at 160 r.p.m.) at 30 u C for 48 h. The G+C content of the genomic DNA was determined by thermal denaturation (Mandel & Marmur, 1968) , for which Escherichia coli K-12 was used as a standard. Genomic DNA from strain CTN-1 T was extracted and purified according to standard procedures (Sambrook & Russell, 2001 ). The 16S rRNA gene cloned into pMD-18T (Takara) was sequenced by using an automated sequencer (Applied Biosystems model 3730). The 16S rRNA gene sequence of strain CTN-1 T was compared with known sequences found in the GenBank database by using the BLAST program (http://blast.ncbi.nlm.nih.gov/Blast.cgi) and also identified in the EzTaxon server 2.1 (http://147.47.212.35:8080/; Chun et al., 2007) . Alignment of the 16S rRNA gene sequence of strain CTN-1 T and of the type strains of recognized Lysobacter species was computed by using the CLUSTAL X program (Thompson et al., 1997) , and phylogenetic analysis was performed by using MEGA 3.1 (Kumar et al., 2004 ). An evolutionary distance matrix was calculated by using the Kimura two-parameter distance model (Kimura, 1980) , and a phylogenetic tree was reconstructed with the neighbour-joining method; the robustness of the tree was examined by bootstrap analysis of 1000 replicates (Felsenstein, 1985) . DNA-DNA hybridization was performed fluorometrically, according to the method developed by Ezaki et al. (1989) , by using photobiotin-labelled DNA probes and microdilution wells. Hybridization was conducted in five replications for each sample. The highest and lowest values obtained for each sample were excluded, and the remaining three values were utilized in the calculation of hybridization values. Levels of DNA-DNA relatedness are given as means±SD.
Cells of strain CTN-1 T were Gram-negative, non-sporeforming, non-motile (but showing gliding activity), aerobic rods 0.5-0.6 mm wide and 1.1-1.2 mm long (see Supplementary Fig. S1 in IJSEM Online). Strain CTN-1 T grew well on nutrient agar, TSA, R2A agar and LB agar. Colonies of strain CTN-1 T on LB agar were circular, smooth with entire margins, non-transparent and pale yellow after 3 days of incubation at 30 u C ( Supplementary  Fig. S2 ). Growth of strain CTN-1 T occurred in LN medium with 0-1 % (w/v) NaCl; no growth occurred in the presence of 2.0 % (w/v) NaCl. Strain CTN-1 T grew at 15-37 u C (optimal 28-30 u C) and at pH 6.0-9.0 (optimum pH 7.0-7.5). Cell size ( The major cellular fatty acids of strain CTN-1 T were iso-C 16 : 0 (23.0 %), iso-C 15 : 0 (21.4 %) and iso-C 17 : 1 v9c (15.3 %). Minor amounts of C 16 : 1 v7c/C 16 : 1 v6c (4.5 %), iso-C 15 : 1 F (4.4 %), iso-C 11 : 0 3-OH (3.9 %), iso-C 11 : 0 (3.9 %) and iso-C 17 : 0 (3.5 %) were also found. The detailed fatty acid profile of strain CTN-1 T is compared with those of the type strains of recognized Lysobacter species in Supplementary Table S1 . The presence of branched fatty acids, namely iso-C 16 : 0 , iso-C 15 : 0 , iso-C 17 : 1 v9c and iso-C 17 : 0 , was consistent with the placement of strain CTN-1 T within the genus Lysobacter (Bae et al., 2005; Weon et al., 2006 Weon et al., , 2007 Romanenko et al., 2008) . However, differences in the fatty acid profiles were noted. The major quinone detected in strain CTN-1 T was Q-8 (99 %); Q-7 (1 %) was detected as a minor component. This quinone system is a characteristic feature of the genus Lysobacter (Bae et al., 2005) . Strain CTN-1 T contained diphosphatidylglycerol, phosphatidylethanolamine and phosphatidylglycerol as major polar lipids, as with recognized species of the genus Lysobacter. However, a minor amount of phosphoaminolipid instead of phosphatidyl-N-methylethanolamine was found for strain CTN-1 T ( Supplementary Fig. S3 ), which might differ between species in the genus (Park et al., 2008) . The DNA G+C content of strain CTN-1 T was 67.1 mol%. This value is within the range reported for the genus Lysobacter (Christensen & Cook, 1978; Aslam et al., 2009 ).
An almost-complete 16S rRNA gene sequence of strain CTN-1 T consisting of 1504 bp was obtained. The phylogenetic tree shows that strain CTN-1 T clusters within the genus Lysobacter in the class Gammaproteobacteria (Fig. 1) Wayne et al. (1987) for assigning strains to different genomic species.
Strain CTN-1 T could be distinguished from recognized Lysobacter species based on several phenotypic, biochemical and chemotaxonomic characteristics (Table 1) . Notably, strain CTN-1 T was positive for arginine dihydrolase. Strain CTN-1 T differed further by its ability to degrade chlorothalonil efficiently. On the basis of the polyphasic taxonomic approach described here, we consider that strain CTN-1 T represents a novel species of the genus Lysobacter, for which we propose the name Lysobacter ruishenii sp. nov.
Description of Lysobacter ruishenii sp. nov.
Lysobacter ruishenii (rui.she9ni.i. N.L. gen. n. ruishenii of Rui-Shen, in honour of Rui-Shen Jiao, a respected Chinese microbiologist, for his enormous contributions to the development of microbiology in China).
Cells are Gram-negative, aerobic, non-spore-forming, nonmotile (but show gliding activity) and rod-shaped, about 0.5-0.6 mm wide and 1.1-1.2 mm long. Colonies grown on LB agar are convex, circular, smooth, non-transparent and pale yellow after 3 days of incubation at 30 u C. Grows at 15-37 u C (optimal 28-30 u C); no growth occurs below 4 u C or above 45 u C. The pH range for growth is 6.0-9.0 (optimal pH 7.0-7.5). Growth occurs in the absence of NaCl and no growth occurs in 2.0 % (w/v) NaCl. Oxidaseand catalase-positive. Positive for reduction of nitrates to nitrites, but negative for acid production from glucose and Lysobacter ruishenii sp. nov. indole production. Hydrolyses casein, hippurate, aesculin and gelatin, but not elastin, guanine, adenine, cellulose, urea, starch or Tween 20. Utilizes N-acetylglucosamine, inositol, suberic acid, potassium 5-ketogluconate, glycogen, 3-hydroxybenzoic acid, L-serine, D-glucose, potassium 2-ketogluconate, 3-hydroxybutyric acid, 4-hydroxybenzoic acid and L-proline, but not maltose or D-mannose. Positive in tests for activities of alkaline phosphatase, esterase (C-4), esterase lipase (C-8), leucine arylamidase, trypsin, acid phosphatase and naphthol-AS-BI-phosphohydrolase, but not for lipase (C-14) , valine arylamidase, cystine arylamidase, a-chymotrypsin, a-galactosidase, b-galactosidase, bglucuronidase, a-glucosidase, b-glucosidase, N-acetylglucosaminidase, a-mannosidase or a-fucosidase. Q-8 is the major quinone (99 %). The major polar lipids are diphosphatidylglycerol, phosphatidylethanolamine and phosphatidylglycerol. The main cellular fatty acids (.10 %) are iso-C 16 : 0 , iso-C 15 : 0 and iso-C 17 : 1 v9c; minor components (,5 %) include C 16 : 1 v7c/C 16 : 1 v6c, iso-C 15 : 1 F, iso-C 11 : 0 3-OH, iso-C 11 : 0 and iso-C 17 : 0 . The genomic DNA G+C content of the type strain is 67.1 mol%.
The type strain, CTN-1 T (5DSM 22393 T 5CGMCC 1.10136 T ), was isolated from a long-term chlorothalonilcontaminated soil at the Jiangyin Suli Chemical Co., Ltd (Jiangsu, China).
